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Apparatus of soil thermostat. 
Upper:丑atview. Low巴r: side view. A: water 
bath. B: cooling coil. C: agitating apparatus. 








































Table 1. Temperature of each巴xperimentalplot. 
3山 12 I 24.90'土0.34 I 20…5 15'C 15.03。土0.12





Table 2. Air and water temperature during the period of rice growing il1 Yamagata-Prefecture. 




4 th 15th I Last I ~ 1 stI 2 nd L3 rd 14th 15th I Last I ~~er- I 1 stI 2 nd decade 
υ 8.6 10.5| 18.4 17.5 1l.3， 14.71 17.71 14.61 17.6 15.8' 18.9 
A 【8 UD 
'54 13.0 11.4 11. 12.0 17.3 15.3 ド17.31 18.1 
'55 9.8 11.5 14. 11.9 1日「即日 16.9 16.4 15.8: 18.7 21.8 
m '56 15.4 12.4 1l. 13.2 15.01 16.91 14.31 16.21 17.4 18.9 16.51 21.2 20.2 
+帽J 
ドH Es
'57 11.6 12.4 13. 9.0 1l.01 14.31 15.51 17.61 16.9 17.9 15.6 18.0 18.9 
'58 7.8 15.1 14. 12.6 12.0: 15.21 14 町目 16.01 19.2 19.5 16.1 16.9 19.7 
'59 10.6 14.3 15. 13.5 17.7
1 
14.8; 16.31 16.41 16.7 19.7 16.3 18.8 
'60 9.1 11.7 13. 11.6 17・2 山 14.51 15.81 18.2 18.8 11.3 16.8 19.4 
MOl1th June July 
Ha!f 3 rd j 4 thj 5 thj LaイZr 1~2 nd j 3 rdJ~h 15th 同 tlZト 1 stdecad巴
υ '53 19.4 20.9 21.4 19.9 23.1 23.0 21.6 23.4 2'1.4 27.1 24.1 25.1 
」れ8t。4 J '54 16.4 18.1 15.8 20. 17.5 22.1 19.2 17.9 21.2 22.4 25.6 21.5 26.2 
'55 20.1 23.5 22.9 20.7 21.3 24.6 23.0 28.0 27.2 27.4 28.9 26.7 28.9 。、 '56 20.6 20.1 18.2 21.1 20.3 21.8 2.2 23.2 20.1 24.1 27.1 23.2 25.7 
村岡
z i a
'57 20.7 20.7 18.1 18.8 18.4 23.1 20.9 23.8 23.5 21.9 25.8 23.3 27.7 
'58 20.9 18.8 23.9 23.0 20.5 23.9 22.2 23.0 2<1.7 22.4 24.5 23.5 27.4 
'59 18.2 20.5 21.0 22.0 19.5 20.9 25.6 22.7 21.8 23.4 2'L4 23.2 25.6 
'60 18.6 22.1 21.3 23.0 20.2 22.9 19.8 23.3 25.5 26.4 25.2 23.9 29.7 
Month August September 
Ha!f 2 11cj 3 rd 1-4 th j 5 th I Last I ~~er- 1 st I 2吋 j3rdl4thl5thdecade 
にi:- '53 25.8 23.6 20.4 19.2 20.2 19.8 
~ ιDJ '54 25.1 25.4i 28.5! 24.41 23.3 25.4 22.01 25.5 28.1 22. 20.3 19.2 22.9 '55 26.8 26.11 26.0! 23.3! 26.9 26.4 21.5! 21.7 19.0 19.3 17.5 17.5 19.4 
σ、'56 25.1 26.1 25.'11 19.51 19.9 23.5 23.11 26.9 23.7 17.5 17.1 15.'1 20.6 +吋d 
h E  
'57 24.2 26.11 26.21 28.51 24.'1 26.1 20.81 21.4 20.6 18.9 16.1 15.7 18.9 
'58 25.0 20.5 22.8 23.9 19.51 24.1 21.9 20.5 17.0 17.9 20.1 
'59 23.01 23.6 24.9 25.0 24.'1 24.1 22.31 21.7 20.7 23.6 19.5 19.8 21.3 
'60 28.8! 24.3 23.2 24.4 25.0 25.9 22.01 21.1 21.3 22.8 20.9 15.8 20.7 
9 
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Month April May 
Ha!f 
4th 1 5 thl Last 1 ~:er- 1 st1 2 nd 1 3 rd 14th 15th 1 Last 1 ~:er- I 1 st 12 nd decade 
1 8i l む1'53 :':i 11.1 20.0: 20.5 19.4 19.4 22.3 25.1 
i 
'54 14.71 14.41 16.51 15.81 19.3 21.4 18.7 20.3 18.7 23.2 19.7 
'55 14.91 15.6 19.5 20.8 18.6 20.2 22.9 25.1 
'56 15.81 15.51 18.61 18.51 16.7 18.5 21.2 20.1 19.0 25.7 24.0 
'57 16.41 16.2 16.21 14目01 14.1 17.71 21.6 22.5 21.3 20.0 19.5 21.2 18.2 
'58 11.21 19.0 16.41 15.41 15.31 21.31 18.8 18.0 21.8 19.3 18.9 19.5 23.3 
区S出 ~て昆? コ'59 13.4 15.5 19.91 16.3! 20.31 18.61 20.3 16.4 19.8 22.3 19.4 17.5 19.9 
'60 9.1 10.6 13.71 12.21 20.81 15.11 15.8 19.4 23.5 21.0 19.3 19.4 21.3 
Month June July 
Ha!f 
3 rd 14th 15th 1 Last 1 ~:er- 1 stI 2 nd 1 3 rd 14th 15th 1 Last 1 ~~ 1 st decade 
υ '53 吋皿J4且128i | 23.5 24.0 23.1 23.6 ~ 23.51 23.8 
'54 19.2; 21.31 19.1! 24.21 21.0 24.7 26.9; 24.0 27.9 
'55 23.61 25.71 24.01 22.5! 23.1 25.71 24.51 28.51 28.4 26.6 27.0 26.7 26.8 
'56 25.3 24.0 20，5 23.9 23.8 24.61 23.81 25.61 22.0 26.2 29.4 25.4 25.6 
'57 23.5 23.5 21.4 22.2 21.7 25.51 23.01 24.01 23.8 22.9 25.9 24.3 30.0 
'58 24.1 20.9 25.3 23.0 22.5 :~ ' ~i :: ' ~I :'1 24.0 21.8 22.6 22.9 26.1 ~吋Z 」'UE ?'59 19.4 22.7 24.5 26.0 20.9 25.8 24.5 24.4 25.7 

























































































































































































24.2: 25.2: 23.9 




Month April May 
HaH 
4 thl 5th I Last 1 1st 1 2 nd I 3rd 14th 15th 1 Last 1 ~:er- 1 st1 2 ndecade 
1 _" J 
186n1 !己 '53 9.5 16.1 ~:'~I :: '~i 17.01 15.5 19 . 8 ~ 16.2 
J8 o に4J '54 11.8 12.8 12.7 12.41 13.7 13.3 16.2 15.5 17.1 15.7 
'55! 9.6 10.5 13.4 11.2 13.1 14.7 16.8 15.4 15.3 ‘18.5 21.8 
σ、 '56 12.9 13.8 1.2 12.6 16.4 18.1 15.2 17.61 17.6 18.3 17.2 20.7 18.3 +吋J 
'57 12.8 13.8 12.9 ~13.2 11.1 16.1 15.4 17.8] 15.5 16.8 15.5 15.9 14.8 
I '-，'. 
'58 8.9 13.3 15.1 12.4 12.4 ，15.5 13.9 15.71 18.5 19.1 16.0 18.0 19.1 
'59 12.4 14.9 13.8 13.7 17.1 14.9 16.8 14.5 17.9 19.5 16.9 17.7 17.7 
民、，(~ト"・
'60 8.3 1.8 13.9 11.3 14.8 18.6 17.8 16目3 17.6 18.5 
Month June July 
Half 3 rd ， 4th 1. 5 th 1 Last I智子 1 st I 2nd 1 3 rd14th 15th I Last 1智子1 st decade 
υ '53 18.5 22.1 21.3 2.6 幻j吋 制22.0: 23.5 
A 8 UD 
'54 15.8 18.1 16.5 21.6i 17.5 21.2 19.8 19.3 22.4 23.5 25.8: 22.11 26.7 
'5 22.3 20.41 20.8 24.3 23.1 28.9 27.9 27.3 28.31 26.71 25.6 
CJl '56 18.2 20.1 19.4 21.7 21.6 23.6 27.5 23.2 25.5 +吋d 19.31 20.0 
'57 20.6 20.2 17.5 19.5 23.1 23.4 21.4 22.81 22.9 22.3 25.3 23.1 26.7 
'58 17.7 19.6 23.6 22.5 20.1 21.7 23.9 24.21 24.0 22.8 24.0: 23.4 25.4 
'59 18.2 20.0 21.4 21.6i 19.4 21.7 24.3 22.8 21.5 23.4 23.8 22.9 25.6 
ー 句';:'，~写
'60 17.8 21.1 21.31 22.4i 附 2.0 19.2 21.0 23.2 25.1 23.0 28.2 
MOllth August $eptember 
Half 
2 nd I 3rd 14th 15th I Last甲子 1 stI 2nd 1 3 rd14th 15th ! Last 1 ~:er-decade 
υ '53 21.51 21.41 19.4 20.61 2051 207 
，-Ac tod JJ '54 且出「 245 即日 22.7 26.71 28.71 22.2 21.2 19.8 23.6 
'55 26.61 25.91 25.41 24.41 27.11 25.9 22.5 20目5 21.1 21.2 
σ3 '56 刷出回6 田71 213 泊 9 25.6 28.8' 23.21 19.8 20.0 17.2 22.4 +帽J 
24.01 25.51 26.3! 28.11 23.91 25.7 21.1 21.51 21.71 19.1 18.6 17.4 19.9 且1m5オ216 24MI 21.3 23.11 22.5! 22.0 18.6 17.1 20.8 
'59 22.9 20.4 19.2 21.7 
28.8
1 
24.0i 24.2j 25ペ 24.71 25.9 23.5i 21.8! 21.2i 22.4 21.6 17.2; 21.3 
1 













































































































































































































lst 而df3~d 14th 5 th 1 L;st 1立; ???????
H 
18 
Month June July 
Ha!f 
3 rd 14th 15th 1 Last 1 ~:er- 1 st1 2 nd I 3rd 14th 15th 1 Last 1 ~:er- 1 stdecade 
互い3 23.9 26.5 血4l ud 田jmld21j 23.4 26.6 24.3 26.5 
'54 17.3 20.8 19.51 25.21 20.11 23.61 22.11 22. 23.7 25.3 25.3 24.0 26.1 
'55 24.4 23.9 24.01 22.71 24.0: 25・9229270| 27.6 27.1 27.1 26.4 25.5 
'56 23.9 22.1 18.81 23.11 22.21 24.01 2.1 24.6 21.6 24.0 27.6 23.9 2'1.9 
'57 24.1 23.9 21.31 22.4 24.9 25.4 :~':I 23.5 26.9 24.2 24.8 24.9 26A 
'58 19.8 25.3 29.7 23.0 23.8 23.8 22.21 28.4 24.3 25.2 25.1 
3159 
22.6 22.9 23.4 24-.8 22.8 22.8 25.8 23.5! 22.4 22.7 24.1 
'60 21.8 25.1 23.2 24.2 23.5 20.6 21.01 22.4 25.31 24.1 
Month August September 
HaH 2 nd I 3 rd 14出 15thi Last |Zr- 1 st1 2 nd 1 3 rd 1 4川 5thi Last lur-decade 
寸53 24.8 i1 '54 23.5 24.3! 26.71 24.11 22.9 23.7 22.0 23.8 '55 25.5 26.6 24.6 '56 24.7 25.2 23.01 20.01 19.8 21.4 
'57 24.5 25.7 25.11 26.61 24.0 25.4 







'59 22.5 22.0 
'60 
Values show temperatures observed at 9 o'clock. 














各区の生育状態を草丈，主茎葉数および茎数をもって示したのが第 3~5 図であり， 各
葉令期別の処理直後の生育状態を示したのが第 6 ~9 図である.草丈は第 3 図にみられる
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25 15 12 22 1 
June July AUj. May 品目
The 3 rd leaf stag巴





The 4 th leaf stage The 5 th leaf stage 
Fig.3. 
E質問tsof temperatures of underground parts of plants upon the growth during different 
growth stages (underground parts include growing points). 
-0-: 30・c.-.-: 250C. ムーー :20oC. 企ー :15・C.
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The 3 rd leaf stage The 4 th leaf stage 
一一一一←1 1 J 1 10 10 30 .6 16. 15 15 4 12 21 1 11 10 守 29 16 18 ¥1 
May JUI' Jly 陶 Jun， July Aua・陶 June July A叶陶 June July AUj 
The 6 th leaf stage The 5 th leaf stage 
Fig. 4. The sarne as in Fig. 3 







The 3 rd leaf stage 
6 16 5 - 25 15 12 22 1 21 ¥0 "29 18 28 ¥1 
May Ju山 州 AUj・内 June Jlly AU3' May June July 司・
The 4 th leaf stage The 5 th leaf stage. The 6 thleaf stag巴
Fig. 5. The sarne as in Fig. 3. 




The same as in Fig. 3 (Just after treatment ended). 
The stage of treatment : the 3 rd leaf stag巴.
Duration of treatment : 10 days. 
From left to right， 30・C，25・C，20'C， 15'C， natural temperature plots. 
Fig.7. 
The sam巴 asin Fig. 6. 
The stage of treatment : the 4 th leaf stage. 
Duration of treatment : 10 days. 





The same as in Fig. 6. 
Th巴 stageof treatment : the 5 th leaf stage. 
Duration of treatment : 10 days. 
From left to right， 30・C，25'C， 20'C， 15'C， natural temperature plots. 
Fig.9. 
The sam巴 asin Fig. 6. 
The stage of treatment : the 6 th leaf stage. 
Duration of treatment : 10 days. 









以上の結果から :~OOC ， 250C， 200CおよびJ5"Cの10H tHIとU、う知期11の生長点を合めた地
下部のi副主処瑚の影響は処翌日終 f後すでに明 1 1i~にあらわれるが， 150CI又を除いた他の|叉で











試験は1%2年および1963年の 2年にわたって行ない， J 962年には10I~ 間の温度処現法に
11，じて， :~， t!， 5および (i柴期の 1IJ切について，1963年には 3，4， 5， 6葉期に 7，R， 











Table 3. The same as in Fig. 3. 
The stage of treatment : the 3 rd leaf stage. 
E.P. 
30・.15'C and 15'・30'Care indicating varying temperature plots. 
E.P. : experimental plot. D.M.: date of measurement. 
P.H. : plant height. F.A.: foliar age. N.S.: number of stems. 
The stage of treatment : the 4 th leaf stage. 




D¥.M¥ . P2l吋SP li[F.A.[N.S p笠[F.A.[N.SP.H.lF.A.IN.S. P lil F.A.!N.S い…一… 10.414.01 1川 114岨 4401410540
18 削 7.1 1.51 27.3…6…147-m6325m463M 
28 1 37.71 8.81 1.51 36.1 8.21 1.51 35.41 7.21 3.51 16.91 5.81 2.01 31.0: 8.1 4.5130.91 8.01 3.5 
June 7 1 50.7110.51 3.01 45.21 9.81 4.01 40.31 8.41 4.51 22.21 6.3: 2.51 37.1 9.51 6.51 34.71 9.61 6.0 
17 1 65.6112.41 9.51 52.8110.9110.01 43.01 9.41 7.51 24.51 7.01 3.01 40.7110.8112.0137.11 11.0110.0 
2769.513.510.556.911.911.049110.312.0|26.77.93.045.411.813.045.312.210.5 
同 71 76.2115.0111.0砧 8113.1111呂田9111131329&5…叫0日.3'13.4111.5 
1788.515.011.074.414.011.562.112.114.538.39.03.566.514.0115.061.914.512.0 






The stage of treatment : the 6 th leaf stag巴.
E.P. 30。 25・ 20' 15。 30。・ 15' 15'・30'
Item c叫 吋! p宜!F.A.[N.S¥¥ P.H.IF.A.!N.S. p.Hr.A.iN.S. 
D.M. 
Jhufanye 26 5 21.0 6.0 3.0 20.8 6.0 3.0 22.1 6.0 3.0 21.9 6.0 3.0 21.0 6.0 3.0 19.2 6.0 3.0 48.6 9.0 7.0 45.0 8.4 7.5 37.5 7.8 5.5 26.0 6.9 4.0 37.3 8.2 7.0 37.1 8.1 6.0 
15 57.5 12.0 19.5 6.0 10.9 21.0 5 49.8 9.3 11.5 30.3 7.6 5.5 47.9 10.6 19.0 44.5 10.4 15.5 
25 65.3 13.7 22.0 64.6 12.1 26. 57.5 10.8 20.5 30.8 8.4 6.5 63.0 12.0 27.0 54.3 12.0 25.0 
July 5 79.6 15.0 22.5 71.6 13.6 26.0 5 70.8 11.8 22.5 35.3 9.1 8.5 78.1 12.9 27.5 64.9 13.4 26.5 
15 93.8 15.5 18.0 81.1 15.0 22. 79.7 12.5 22.0 37.4 9.8 9.5 86.5 14.1 26.0 69.6 14.5 24.0 
25III.015.617.598.315.021.OR94.014.021.0j141310110.392.515.01| 24.079.715.021.5 
Aug. 4 112.51 15.61 16.0i101・115.0i 19・9199.91 14.0r 21.01 42.0110.511.01100・6115.0120・0188.7115.0117・5
The stage of treatment : the 7 th leaf stage. 
The stage of treatment : the 8 th leaf stage. 
E.P. 30。 25。 20' 15' 30・015・ 15'・30'
Item 吋| p宜IF.A.IN.s 吋 i p宜トA.!N.SD¥.M¥ . p.HrA.iN.S. P.H.IF.A.!N.S. I 1 1 I 
8.0 8.0 6.0 June 3 1 30.11 8.01 6.0， 31.0 8.01 6.51 31.91 8.0 7.0 30.3 8.01 7.0 31.9 
15665113m|530 10.7121.51 43.3110.0 14.0 34.0 8.91 8.5 47.7 10.6 21.5140.9 10.4 20.0 
23 1 74.6112.6127.5' 60.7 11.8130.01 50.8111.0 24.0 37.5 9.6111.5 58，9 1.9 32.5148.3 11.8 30.0 
July 3 1 81.2114.1129.0: 73.3 13.0130.01 66.2111.9 28.5 39.5 10.2115.5 73.1 12.8 35.0157.7 12.9 34.5 
139331502501780 14.41 26.51 70.6112.8 28.0 42.7 10.9116.0 77.1 13.9 33.0: 66.4 13.6 32.0 
23 1113.5115.01 21.51 90.4 15.01 22.01 76.2114.0 24.5 46.9 11.1116.0 78.9 15.0 30.0171.8 15.0 29.0 
Aug. 2 1114.1115.0119.61106.2 15.0120.01 91.1114.0 21.5 49.0 92.0 15.0 25.5187.2 15.0 22.0 
12 1114.2115.01 18.5i106.6 15.0119.01 96.6114.0 21.5 51.0 12.1116.0 94.2 15.0 23.5190.4 15.0 18.5 
19 
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The stage、oftreatment: the 9 th leaf stag巴.
E.P. 30' 25' 20。 15' 30'・15' 15。・ 30'
Item 立jF.Aj 叫|D¥.M¥-- 1 P.H.jF IN，S'1 P且 lF人 lN.S. 「lclullC11111N づ lNP.Ht.AIN，S'1 p.Hr.AIN，S'1 P.Ht.A;.SfH'1 F.Ai.S. 
40.31 9.0山吋 9ql105142191|10040490!95June 123659090lm9095 
22 158.5111.6119.51 62.6111.2120.5 ω削叩…7口川1ω0
July 27631322151799mm 65.1111.8121.51 46.8! 10.4118，0178.9112.2131.5163.01 12.21 29.5 
12 1 89.8114.41 20.51 83.5113.71 21.3 80.0112.7122.0間 1ω|190制 13.3130.0172.8113.31 28.5 
22 ¥103.9115.5120.0: 88.4114.5120.9 83.5113.6122.0153.0: 11.4119.51 89.9114.7128.5178.0114.8126.5 
Aug. 1 1112.9115.5119.0，103.1115.0119.7 ~~.~I ~~.~I ~~.~1~~'21 n~1 ~~.~I， ~~.~I ~~.~I ~~.~I ~~.~I~~.~I ?~.9 
11 1114.5115.5叩761501183
21 1114.5115.5116.51107，6115.0117.4 103.0115.0121.01 57.6112.5121.01107.9115.0121.0198.51 15.0: 17.5 
The stage of treatment : the 10 th leaf stage. 
E.P. 1 30。 25' 20' 1530'・15'
i ; 
一i示(トド丙L礼斗示示:!肩司←恒j;司414LドIPB.[F.AjN.S.1司司.A.!N.S.両;示
J同un附配e1山7け1，16山O山hいsdん山!14.51 山 1 
u l「;引i|1 ;i j i;:描拙jf指;花拡|目ぼ:i;j指捌l;1没曜閣淵2議到組甜;:日謝出ji結|ほ;j   j lj il jl jjj j j i: til  ii i i 11jj j 
Aug. 6 1113.5115.0114刈106.8115.01 14.51102.81 14.01 20.5! 56.6112.3123.51 99.11 九()~ 20.51 91.到 15.01


































Tabl巴:4.Effects of varying temperatures of underground parts upon dry weight of top. 
The stage of treatment the 4 th leaf stage. 



























E.P. I P.H. I F.A. 
Leaf blade length cm 
The stag巴 oft1'巴atment the 5 th:: leaf stage. 
Figures show the values measured at 10 th day from the enrl of treatmentι 
Values shown under fhe item such as leafblade length and distances between each auricle 
signify positions of each leaf. 
21 
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Table 5. Effects of varying temperatures of undcrground parts upon dry weight of top. 
pElxopt erinIEIltal 
Leaf blade 5?6 I Leaf sl削 1 st Leaf b馳%I Leaf sheath ~ð 
30' 22.28 (100) 
15・ 29.57 (132.72) 
30・.150 23.28 (104却)
15・.30' 21.14 (94.88) 
I : treatment at the 4 th leaf. stage. 









Figures show dry weight percentage (10 days after treatment). 
























Effects of temperatures of underground parts upon th巴 growth(long duration treatments). 
From left to right， 30・C，25・C，20・C，15・C，natural temperature plots. 
2 weeks after treatment. 
Fig. 12. 
The same as il Fig. 11. 
From left to right， 30C'， 25'C， 20・C，15'C， llatural t巴mperatureplots. 
4 weeks after treatmellt. 
23 
23 
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Fig. 13. 
The same as in Fig. 1. 
Fl'om Jeft to right， 30・C，25'C， 20・C，15・C，naturaJ temperature plots. 

























如く， (1)鉢植えの水稲を水面下に全部沈めた区 (L)，(H) と(2)ポット上端から約2糎
の部分を水面上に露出させた区 (N)，(N')とを設けた. (H， Nは15'Cの恒温槽 H，N'， 















Daily changes of air temperature and average 
daily temperatures around th巴 growingpoint 
of rice plant which was kept at 15'C. 
Daily temperatures are represented by the 
日verageof temperatures at 2， 6， 10， 14 and 
22 o'clock. 
ムー :air temperature. 
0-: temperature around growing point in L 
plot. 
一@ー:temperature m;ound the growing point 
in N plot. 
E : earか.
M: middle. 
L : late. 
25 
? ??? ? ?
Fig. 14. 
Diagram of temperature regulating apparatus 







したものであるが， 第15函によると L区の生長点周囲の処理期間中の日平均温度 は大体
15'Cで推移するが， N区のそれは気温.の影響を受けて 16.5'C とそれよりやや高く推移し
た.また日変化も第16図にみられるよううにN区は気温の昇降にともなって変化し， A区
より約 2'C~4'C ほど高かった. 30'Cの恒温槽に設置した場合も後述の第17図にみられる
ようにl5"Cの場合と略同様であって H 区は約30'Cで推移するが， N'区の方は気混の影













? ? 」 ? ?????，，
?
~\ 
2 6 10 14 18 22 
Time 
Fig. 16. 
Daily changes of tempemtures around the 
growing point of rice plant ∞nstantly kept at 















Daily air temperatures and averag巴tel1lperatures
at the growing point of rice plant kept at 30・C.
×ーー :a1r temperature. 
.ー-: temperatures around growing point in 
H plot. 
0ー-: temperature around growing point in N' 
plot. 
26 




















o :~02 11 >11 11 :H U1 10 
May June July August 
Date of measurement 
Fig. 18. 
Effects of temperature around growing point 
1Jpon plant height. 
一0-:L plot. 一・ー:N plot. 
The stage of treatment : the 3 rd leaf stage. 
品O G 1 G 25 5 Hi ，25 .1 14 
May June July AU3ust 
Date of measurement 
Fig. 19. 
The same as in Fig. 18. 
-0-: L plot. .ー-:N plot. 


























Date of measurement 
Pig. 21. 
The same as in Fig. 18. 
-0-: L plot. -・:N plot. 
The stage of treatment :' the 12 th leaf stage. 
Date of measurement 
Fig.20. 
The same as in Fig. 18. 
一O :ーL plot. -.ー :N plot. 























B工丘PLH. B.T G.P. I.H. B工丘P.1 日。 RIGp. LH 
‘一一」ーず一一， 、一一一一「ザー-ー一ーで→一一一、F一一一一一一~一一~
The 3rd leaf stae The 6th leafstase . The8th leaf stase The 12th leaf sta3e 
Fig. 22. 
Effects of temperatures around th巴 growingpoint 
upon plant h巴ight.
口:L plot. 贋:N plot. 
B.T. : just before tn;atment. G.P.: grand period of 
the plant growth. I.H.: increas巴 ofplant height 






















20 O 15培5 ら 15 25 .( 14 
May June July AU3ust 
Date of measurement 
Fig.24. 
The same as in Fig. 23. 

















2 1 11 21 1 11 21 31 10 
May June July AU3ust 
Date of measurement 
Fig.23. 
Effects of t巴mperature，.around growing 
point upon unmber of leaves of main 
stell1. 
The stage of treatll1ent: the 3 rd leaf 
stage. 
-3 13 28 3 13 23 且 12 2:~ 
June July AU3ust 
Date of measur巴ll1ent
Fig. 25. 
The same as in Fig. 23. 





且T.G.P 1.1. BT. GP日 B1Gp. I.N. BI GP. IJ{ - 一一一The 3rd ，.f st，!. Th. 61h ，r，I，S' The8Ih"oafs¥aS' Th，'1¥正eJf~ta.3 e 
Fig.27. 
The same as in Fig. 23. 
口:L plot.園:N plot. 
B.T. : just before treatment. 
G.P. : grand period of theplant growth. 
I.N. : increase of number of-leaves of main 














11 21 31 1(1 :!O 
July AU8ust 
Da(e of measurement 
Fig. 26 
The same as in Fig. 23. 



























22 11 21 
Mdy June 
Date of measurement 
Fig.28.' 
Effects of temperaωre around the growing 
point upon number of stems. 
The stage of treatment : the 3 rd leaf stage. 




















Date of measurement 
Fig.29. 
The same as in Fig. 28. 

















0」 131823a 1328 21222 
JUl¥e J ul y Auaust 
: 
July Auaust 
Date of measu1'ement 
Fig， 31. 
The sam巴 asin Fig， 28. 
!O 
Date of meaSUl'ement 
Fig. 30. 
The same as in Fig， 28. 



















a d 8 12 3 6 ，] 1ヨ 6 8※12 
10 















Number of stems 
Fig， .33， BI 6.P. LN. BT 6P IN. B主G.PLN. Rτ (ip LN 」ー ~一一一一γ 一一一可一一J 、一一~一一 Effects of temp巴ratu1'ea1'ound the gl'Owing point upon 
The 3rd leafszqe The bthleafstage TheBthidshV7he12thhafstqeplant height，leaf number of main stem and numbEr 
。fstems， Fig， 32. 
All五guresa1'e indices l'epresenting as fo1' 100 fo1' 10 
Th巴 sameas in Fig， 28， days plant g1'owth of control plant， 
口:L plot.回:N plot. 3:' th~ 3 1'd ~leaf stage， 6: th; 6 th leaf stage， 
B，T， : just befo1'e treatment. 8 : th巴 8th leaf stage， 12: the 12 th leaf stage， 
G，P. : grand period of the plant gl'Owth. ※ Indices a1'e exp1'essed as 100 for decreased numbe1' 




Effects of temperature around growing 
point upon plant growth (Just after 
treatment ended). 
Left : L plot. Right: N plot. 
Thestag巴oftreatment : the 6 th leaf stage. 
Duration of treatment : 10 days. 
Fig. 35. 
Th巴sameas in Fig. 34 (2 months and 
15 days after treatment). 
Left : L plot. Right: N plot. 
The stage of treatment ; the 3 rd leaf stage. 
Fig.36. 
The same as in Fig. 34 (2 months and 15 days after 
treatment). 
Left : L plot. Right: N plot. 
The stage of treatment : the 6 th leaf stage. 
Fig. 37. 
The same as in Fig. 34 (1 month and 15 days after 
treatment). 
Left : L plot. Right: N plot. 














35~38図は 3 ， 6， 8および12葉期処理の































The same asin Fig. 34. 
口:H plot 圃:N' plot. 
B.T. : just before treatment. 
A.T目:after treatment. 
I.H. : increase of plant height per 10 days. 
I.L. : increase of leaf number of main stem per 10 days. 
I.S. : increase of number of stems per 10 days. 
Fig. 38. 
The same as in Fig. 34 (2 months aft巴rtreatment).
Left : L plot.Right : N plot. 
Th巴 stageof treatment : the 12 th leaf stage ~ 














P.H目 N.L. N.S 
Fig.40. 
The same as in Fig. 34. 
口:H plot.聞:N' plot. 
lndices are expressed as 100 for growth 
perl0 days at H plot. 
P.H. : plant height. 
N.L. : number of leaves ofmain stem. 
N.S. : number of s(ems， 
!J!北地方の稲作安定化に関する基礎的研究一一竹品 33 








Tabl巴 6.1、hesame as in Fig. 34. 
IE.止Jl I刷出 h Distances betwe巴n
川 I2 I 3 I 4 I 5 I 
each auricle cm 
1 1 1 1 1 1 6 2~31 3~4 1 4~5 
11 1ぷ1.821. 1.771 5.901 10.691 . 8.72 2.98 4.16 
J国~ f， 1 H: (LO)1 (10)1 (100)1 (10)1 (100)1 (10)1 (100) (100) (100) 
i |刊 4ベ叩 14m1川 54 2.64 3.20 
』円 N' (88.19)1 (%.IO)! (100.55)1 (99.44)1 (97.29)1 (96泊 )1(68. (88.59) (76.92) 
||ベ 594176 171M 酬 1却例 3.171 4.31 0.52 ;む 1._l~J (1川叫 (1叫(瑚 )1 (1叩)[ (1回)1 (1凶')1 (刷)1 (1叫 (1帥) (100) 
1.61 
H C〉 N，(lj213川1 崎)1(削5)1(97.06): (85.44)1 (88.18)1 (川4)1(74.71)1 (84.86)1 (82.37) (309.62) 
H : 30.C. N': 2;'.日.C.
Valucs shown under Ihe items such as leaf blade length and distances between each auricle 
SI日nify1川511川15of cach leaf. 
Values in par引11hesisare indices as 100 for H plot. 
Table 7. Effcts of temperatur巴 aroundthe growing point upon dry weight of plant. 
H N' 
Lcaf blade % Leaf sheath % Leaf blade % Leaf sheath % 
;， days aflcr 19.84 10.16 21.14 10.99 
treatn、ent (100) (100) (106.55) (108.17) 
1 0 days a ftcr 20.95 10.35 22.30 11.79 
treatment (100) (100) (106.44) (113.91) 
Valucs arc per・ccnlageof dry weight. 

























Table 8， Effects of diffeant sowing time upon the plant growth (til the 6 thleaf stage)， 
Plant height (cm) 
Sowing 
tIme 
AR4pary il lO 
10 
Jun巴 10 


























I 6 L，S， I I.H，10 C，V， 
8，1 30.4 14，9 100 
10，9 35，8 16，5 110，7 
14，1 40，8 26，8 179，2 
11.6 45，4 33，9 226，7 
11.1 46，6 27，3 182，9 
15' 
|※4 L.S，I I，H，10 
8，3 15，6 4，2 100 
11.4 16，1 4，7 109，9 
14，3 19，5 5，2 122，9 
12，2 20，2 4，0 95，3 
11.2 15，6 3，4 79，9 
B，T， : justb巴foretreatment. 6 L，S， : th巴 6th leaf stage， I.H，10: increase of plant h巴ightper 
10 days， C，V，: comparative value， 4 L.S， : the 4 thleaf stage. 
34 
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Number of leaves of main stem 
Sowing 
250 
tlne B.T. 6 L.S. I I.L.10 I C.V I 6 L.S. I I.L.10 C.V. 
AhIpary il lo 3.0 6.2 3.2 100 3.0 6.7 2.5 100 
10 3.0 6.2 3.2 99.5 3.0 6.5 2.4 94.5 
June 10 3.0 6.0 3.1 97.7 3.0 6.7 1.8 72.8 
July 10 3.0 5.6 2.6 80.9 3.0 6.3 2.4 94.5 






B.T. I※4 L.S.I I.L.1o I C.V 
Atril 10 3.0 I 6.4 I 1.7 
May 10 3.0 I 6.1 I 1.6 
June 10 3.0 I 6.4 I 1. 7 
JUly 10 3.0 I 6.0 I 1.5 
Aug. 1o3.0 I 6.1 I 1.6 
I.L.10 : increase of number of leaves of main stem per 10 days. 
Number of stems 
30' 
B.T. I 6 L.S. I I.L.10 I C.V 
hA在paryil 10 1.0 1.3 0.3 100 1.0 2.5 1.0 100 
10 1.0 1.5 0.5 156.3 1.0 3.0 1.3 133.0 
June 10 1.0 1.0 。 。 1.0 3.0 1.0 100.0 
July 10 1.0 1.0 。 。 1.0 2.2 0.9 86.0 





















The stage of treatment : the 3 rd leaf stage. 
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Table 9. The same as in Table 8 (til whole growing period). 
Plant height (cm) 
Sowing 30" 25" 
time I I.H.10 I C.V B.T. I G.P I I.H.10 C.V. 
Abfpary il 10 8.35 88.8 10.06 100 8.0 88.5 8.94 100 
10 10.9 100.9 14.99 149.01 10.95 97.6 12.38 1387 .48 
June 10 13.2 70.8 19.22 191.05 14.0 92.4 16.77 187.58 












































G.P. : grand period of the plant growth. 
Number of leaves of main stem 
Sowing 30" 
time (ー
B.T. I G.P. I I.L.10 C.V. 
AhJAuaUpnly g e110 
3.0 14.0 1.83 100 13.5 1.50 100 
10 3.0 14-.3 2.26 123.5 3.0 13.0 1.67 111.3 
10 3.0 13.0 1.80 98.4- 3.0 13.5 1.75 116.7 
10 3.0 14-.0 2.2 120.2 3.0 13.0 2.0 133.3 
10 3.0 12.5 1.89 103.3 3.0 12.3 1.85 123.3 
Sowing <.V 15・
time 
B.T. I G.P I I.L.10 I C.V B.T. I G.P C.V. 
Ahfpary ilIo 3.0 13.0 1.25 100 3.0 9.7 0.61 100 
10 3.0 12.1 1.29 103.2 3.0 7.9 0.70 115.4 
June 10 3.0 12.0 1.28 102.4- 3.0 5.2 0.56 91.8 
JAuly g. 10 3.0 12.0 1.29 103.2 3.0 4.0 0.50 82.0 10 3.0 9.7 1.34 107.2 3.0 '1.0 0.50 82.0 
36 
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NUl11ber of stel11S 
30。 25' 
Sowing 


















B.T. I I.L.10 I C.V B.T. I I.L.10 I C.V 
JAauUplny g reii10 
1.0 1.94 100 1.0 3.0 0.40 100 
10 1.0 13.5 1.92 114.6 1.0 3.5 0.42 105.0 
1.0 13.3 2.05 105.7 1.0 2.0 0.25 62.5 
10 1.0 14目5 2.70 139.2 1.0 1.0 。
10 1.0 12.0 2.20 113.4 1.0 1.0 。
The stage of treatl11ent : the 3 rd leaf stage. 
Table 10. E妊ectsof different sowing til11es on dry weight percentage. 
Sowing 30' 
25' 20' 15。
tIme Le山af%l |Le山afFU Leaf %l |Leaf % Leaf M|l Leaf % bLleadf 巴%IlsLheeaaTt一hμ一-blad巴 sheath blade 70 1 sheath blade 70 1 sheath 
April 10 21.49 11.78 22.47 12.78 23.13 13.68 28.26 (100) (100) (100) (100) (100) (100) (100) 
May 10 22.17・ 10.'14 23目70 11.86 2!L23 13.10 31.78 (103.16) (88.62) (105.4 7) (92.80) (104.76) (112.'16) 
June 10 21.58 10.90 21.63 11.0 22.28 27.72 (100.42) (92.53) (96.26) 「問 (98.09) 
July 10 20.51 10.72 20.58 11.101 23.74 26.96 (95.44) (91.0) (91.59) (86.85)1 (102.64) (95.40) 
Aug. 10 22.72 11.721 22.79 11.73 26.50 29.50 (105.72) (99.'19)1 山 2) (91.78) (114.57) 
Each plots were treated at the 3 rd leaf stage. 
Values show dry weight percentage at the 10 th day frol11 the beginning of tr巴atl11ent.













第8表および9表より明らかな如く， 30'C， 250C， 20'Cおよび150Cのいずれの区におい


































Relalion belween spacing cl巴nsityand the growth of rice plants. 









































































Efects temperature of underg1'ound parts of 
plan'ts upon headi昭 (1961).
30'C→15'C : this plot was subjected to 30'C 






























































The same as in Fi耳・ 42(1961)， 
ローー :30・C. ムー ; 25'C. -0-; 20・C→23・C.
(This plot was subjected to 20'C for six匂， days 
剖ldthen it was raised up to 23'C.) 
ー×ー:15'C→23'C. (This plot was subjected 
to 15'C for sixty days and then it was raised 
up to 23'C.) マ:30'C→15'C→23'C. (This 
plot was subjected to 30'C for the li1'st 10 
days and then transferred to 15'C fo1' th巴
next針tydays and then it was raised up to 
23'C.) 
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Fig.44. 
The same as in Fig. 42 (1961). 
From left to right， 30・C，25・C，20・C→23'C(The last 
plot was subjected to 20・Cfor sixty days and then 
raised up to 23'C.)， 15'C→23'C， (This plot was 
subjected to 15'C for 60 days and then raised up 
to 23'C.)， 30'C→15'C→23'C. (This plot was subjected 
to 30'C for the五rst10 days and transfered to 15'C 
for・th巴 next50 days and then raised up to 23'C.) 
1. 
" 












Relation between floral induction and 
temperatures of underground parts (1962). 
Parts such as 30'C→15'C， 25'C→15・Cand 
20・C→15・Cwere subjected to 30'C， 25'C 
and 20・Cfor 10 days and then transfered 
to 15'C. 















































E妊ectsof treatment temperature of under-
ground parts of plants upon the growth during 
different growth stages on number of leaf 
in main stem. 
@ー:the 3 rd leaf stage. 
-0-: the 4 th leaf stage. 
-..ー:the 5 th leaf stage. 
ム:the 6 th leaf stage. 





E妊ectsof temperature of underground parts 
of plants upon the growth during different 
growth stages on heading. 
: the 3 rd leaf stage. 
: the 4 th leaf stage. 
:the5thl巴afstage. 
: the 6 th leaf stage. 
20'0 25~ 30'c 























Relation between heading time and average air temperature 
in May. 
Variety : Norin No. 41. 



































































20 10 15 
AU~U5t 
Heddin ~ time 
Fig.49. 
ReJation b巴tweenheading time and average air temperature 
in June. 











? ? ? ? ?
? ? ?












Relation between heading time and average ail' telllperature 
in JuJy. 
Note : th巴 sUllleas in Fig. 48. 
TabJe 11. E丘ectsof Jow temperature (15'C) of underground parts of pJants upon heading. 
The stage of I The 3 rd I The 4 th I The 5 th I The 6 th I Th巴 7th I The 8 th I The 9 th I The 10th 





AlJ treatments were c10ne froll each leaf stag巴 untilheac1ing time. 























































Effects of temperatures of underground 





L. N. L. N. L. N. L. N. 
、ー一一-v--' 、一一一~ー←d 、一一一~一一一J 、一一-一一J]h，3nle.tst.l'恥胤I，J匂恥ぬleof的 Ih，12thl.af:押
Effects of t巴mperatur巴 aroundgrowing point upon heading time (1963). 











を内外頴の発育状況からA，B， C， DならびにE型の 5つに分け，発生のとくに多い崎
形花をDおよびC型としている.なお，冷水i葎i献の生育時期別稔実障害の発生の起りやす









E妊ectsof temp巴raturearound growing point on the appearance of abnormal flowers (at 15'C). 
A numb巴rof spikelets with three or four florets were found. 
Superior palea is well developed， but the development of inferior palea， pisti1 l¥nd stamen is 
very bad. 
46 


























































供試品種として水稲農林41号を用いた.処理に当つては生育時期を異にする 4，6， 8， 
12および:13葉期の稲を所定の水耕瓶にセットして生長点を含めた地下部の温度処理を行な
い，三要素および水分の吸収をしらべた.なお水耕-液は第12表に示すような組成のものを
用い，これを標準濃度とし，これを 6葉期までは10倍 7および8葉期は 8倍， 9， 10お
よび11葉期は 6倍， それ以後は 5倍の稀釈溶液として使用した.
Table 12. Ch巴micalcomposition of nutrient solution (mg per 1). 
(NH4)2 S04 Na2Hp04 I<Cl MgC12・2H20 CaC12・2H20
188.7 40.0 47.5 21.7 9A 
水分の吸収量および蒸散量は，前者は7Jく耕瓶に苗をセツ卜した後， 24~72時間経過後の
減少水分量を根乾物 1克 1日当吸収量として算出してそれぞれ比較検討した. なお後者に










4， 6， 8， 12および13葉期の各生育時期別の水分吸収量ならびに蒸散量と地下部淑度
との関係を図示したのが第54および55図である.











































Effects of tempel'ature around growing points 
during di任erentgrowth stages upon water 
absol'ption of plants. 
-0-: 30oC. -.一:25・C. ムーペ 20・C.




Effects of temperature around growing points 
during di妊erentgrowth stages upon tran-
spiration of plants. 





4， 6， 8， 12および13葉期の各生育時期別の窒素の吸収量と地下部温度との関係を示






































E妊ectsof temperatures around growing points 
during different growth stages upon nitrogen 
absorption of plants. 
-0-: 30'C. 一.-:25"C. ムーー :20'C. 
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4.加里の吸収



















































Effects of temperatures around growing points 
during different growth stages upon potassium 
absorption of plants. 
-0-: 30・C. .ー-:25・C. -6，ー:20・C.




Effects of temperatures of underground parts 
of plants during di妊erentgrowth stages on 


































6 8 12 13 
foliar a~e 
Fig.60. 
Effects of temperatures of underground parts 
of plants during different growth stages on 

















4 G 8 12 18 
foliar a38 
Fig. 61. 
E妊ectsof temperatures of underground parts 
of plants during different growth stages on 
the ratio of potassium uptake to that of water. 
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1) 家系， リン限および加盟のー-_.要素ならびに水分の吸収と生:btliを合む地 f古IH品皮と




3) <1， 6， H， 12および13~定期の生育時期別処理による水分の吸収および蒸散はいず













































200・300C および 15内・ 30'Cらの昼夜変地温区と30'C，250C， 200Cおよび150Cのそれぞれ
の昼夜恒地温区との聞における窒素， リン酸および加里の吸収との関係をしらべた.なお


























































30' 30' 30・ 30・ヨ.~' 2:)・2:)'ヨ0':zO' 1:)・ ~O' Jd'・
J ・・・ . N士
1. l. 2;)' ~O' lij' 20' 10' 1:5・ :]if:30 
Fig.62. 
E紅白tsof varying temperatures on absorption 
of thr巴巴巴i巴ments.
30・.25'C， 30。・ 20・Cand others ar巴indicating
varying temperature plots. 
N.T. : natural temperature. 
-0-: nitrogen. -6-: phosphorus. 
一口ー:potassium. 
Th巴 stageof treatment : th巴 7th leaf stage. 
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日ヤ|内 Nijht 恒生血t，~~旦li"o Nij~ 也~Nj性
30' 25・ 20' 15' N工
Fig， 63， 
E妊巴cts• of. weather condition on water absorption， 
-0-:fine weather， 
























































〈 、 ? ? ?
?? ??
Fig. 65. 
The same as in Fig. 64 (rainy weather). 
-0-: nitrogen. -6-: phosphorus. 
一口一:potassium. 





3り三ら:10目 i与 N.T 
Fig.64. 
l;:fects of weather condition on three巴lem巴lts
absorption (file weatl町).
Oー戸:llitrogen. ムーー :phosphotus. 
一口一:potas討um.




























Di妊erenc巴 ofthe ratio of elements uptake to 
that of water during day and night. 
0ー-: nitrogen. ムーー:phosphorus. 
口ー一:potassium. 
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Fig. 67. 
Effects of arti五cialaeration upon thre巴 elementsand water uptakes. 
From left to right， aerated plot under 15・C temperature condition， non-aerated plot 























'0 a ~ 






N. A. N. A. N. A. N. A. N.N 一一 一[) o' ~ r;・ 20' 1 o' 
Fig. 68. 
Effects of arti品cialaeration 011 absorption of 
three elements. 
N : non-aerated plot. A: aerated plot. 
N.N. : non-aerated plot under natural tempe. 




















































































E妊ectsof amounts of three elements containecl 
in nutrient solution upon absorption of nitrogen. 
These values inclicate amount of nitrogen ab. 
sorbecl by plants for 2 days. 
口:amount of nitrogen absorbed during daytime. 
圃:amount of nitrogen absorbed during night. 
C.S. : concentrated solution. 
S.F. : solution diluted五v巴 times.
S.T. : solution diluted ten times. 





































? ? 』 ?
??????
?
5.1: SF. r:.~ 5T. SF Cs. sr SF r.s. ST.SF. GS. SJ SF. CS.' 一一一一一一一←30. 2S・ 20' IS' N工
Fig.70. 
Effects of ammounts of three elements contained 
in nutrient solution upon absorption of phos-
phorus. 
These values indicate amount of phosphorus 
absorbed by plants for 2 days. 
口:amount of phosphorus absorbed during 
daytime. 
圃:amountof phosphorus absorbed during night. 
C.S. : concentrated solution. 
S.F. : solution diluted五.vetimes.
S.T. : solution diluted ten times. 






















Effects of ammounts of three elements contained 
in nutrient solution upon absorption of potassium. 
These values indicate amount of potassium 
absorb巴dby plants for 2 days. 
口:amount of potassium absorbed during 
daytime. 
圃:amount of potassium absorbed during night. 
C.S. : concentrated solution. 
S.F. : solution diluted五v巴 times目
S.T. : solution diluted ten times. 
N.T.・naturaltemperatur・'e.
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今窒素化合物，炭水化物の生育時期に伴う消長を戸苅130) の例よ りみると窒素含量 (蛋
白含量)は葉身，葉鞘ともに分げつ期に最高となり，その後次第に減少する.葉身，葉鞘





















して， 根の正常な好気的呼吸(チト クロ ーム系の呼吸)が悪影響を蒙って加里や珪酸の吸
収が悪くなり，また根の酸化カが低下して根腐れを起し易くなりしばLば硫化水素，ニ佃i




























実験は水稲品種農林41号を用いて， 1960， '61， '62年の 3ヶ年にわたって行なった. 1960 
年には分げつ盛期，幼穂形成期，減数分裂期の 3期にそれぞれ10日間の30・C，250C， 200Cおよ
び30・c・200Cの地下部温度処理を行なった試料について葉身，葉鞘および根の三部に分け
て分析を， '61年， '62年には生育時期を葉期によって区分し， '61年には 6，8および10葉期




















Effects of temperatures of underground parts on contents of carbohydrates and 
nitrogenous compouhds in plants '(grancl stage' oftilering). 
一口一:proteid nitrogen. 
…口…:soluble nitrogen. 
-0ー :reducing sugars. 
'"0'' :. non-reducing 'sugars. 







Th巴sameas in Fig. 72 (Stage of differen. 
tiation of young panicle). 
一口一:proteid nitrogen. 
…口…:soluble nitrogen. 

















-0ー :reducing sugars. 
"，0"， : non-reducing sugars. 
ームー :crude starch. 
















30' ~ó 皐 0'， 15' 
The 10th leaf sta~e 
Fig.75， 
Effects of temperatures of underground parts on content of nitrogenous .compounds in 
plants (1961). 


















30' 25' 20' 16' 















30' 25・畠O' 15' 30' 虫5・且o' 15' 
The btl¥ leaf sta~e The 8th leaf sta~e 
Fig.76. 
The same as in Fig. 75(1961). 
-0ー :leaf blade. ームー:leaf sheath， 一口一:r∞t. 
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30' 昌5' 孟0' 15・


















ao' 25' 20' 15' 
The 6th leaf sta~e 
ao' 25'， 埠O' 15' 
The 8th leaf .sta~e 
Fig. 77. 
The sameas in Fig. 75 (1961). 




































aO: 25: 晶o' 15' N.T.， 
The 5th leafsta~e 
30' 2'5' 詰0'15' N.T. 
The 10th leaf sta~e 
Fig.78. 
Effects of temperatures of undergroundparts on，content' ofnitrogenous compounds 
in plants (1962). 
-0-: leaf blade. ームー:leaf sheath. 口ー一 :root.


























30' 25‘温u' ら. N.T. 
The 5tlleaf sta~e 
31)' 25' 20' 15' N:τ 
The 10tlleaf sta~e 
fig. 79. 
The same as in fig. 78 (1962). 
← 0-: leaf blade. ームー:.leaf sheath. 口一:root. 

















30、 25' 20' 15' N.T. 30' 2o' 品0・ 15・ N.T.
The 5th leaf sta~e The 10th leaf sta~e 
Fig.80. 
The same as in Fig. 78 (1962). 
-0-: leaf blade. -2，-: leaf sheath. 一口一:root. 
N. T. : naturalt巳mperature.
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馬場17)は20'C，300Cおよび37'Cの三つの温度段階の下で20.Cを低温， 300Cを適湖， 37'C 
を i白i混として取り扱い，低ìful.でも l!j jl~tでも適泌を iiiざかるほどアンモニア態窓素，アミド
態窒素， IiJr作態窒素の合有率がいずれも増加し，逆に蛋!とl態室奈合有率は減少すると幸Hilg































































30・ 25・ 20・ 15・ ao' ヰヨ;J，U' 1 o' 
The 6th. 1eaf sta~e The 8th leaf std~e 
Fig， 81. 
Effects of temperatures of underground parts on content of carbohydrat巴sin plant (1961)， 
-0ー :leaf blade， -6.-: leaf sheath. 一口一 :r∞t.
au' 詰，，' ;lO' 15' 
The 811. 1eaf sta~e 
Fig， 82: 
Th巴 sameas in Fig. 81 (1961)， 






















』 ? 。 ? ?
? ? ?
↑?
? ↑ ? ?
?
! 
ao' 2'" 20‘ 15' 




























。 / ~ / / ;:/ 
記ト ß J~ / 
トー~ o __ -o-_n-→ 
。' 30 ヰ5 場u' l5' 3U' 渇ij' ヰu' 1:;" 3U' ヰ5> 20' 15' 
The 6th leaf sta~e The 8th leaf sta~e The 10¥1 lear sta~. 
Fig.83. 
The same as in Fig. 81 (1961). 












? ? ? ?
?。
:3O 埠5' 見o' ~5' NT. :30' 25 見(1' 15' ，N.T. 
The 51l leaf sta~e The lOtn leaf sta~e 
Fig.84. 
Effects of temperatures of underground parts on content of carbohydrat巴sin plant (1962). 
-0一:leaf blade. ~b一 : leaf sheath. 一口一 :root. 
















30' 25' 2O 15' N.T. 
The 5t~ leaf sta~e 
30' 25' 20' 15' N.T 
The 10th leaf sta~e 
Fig.85. 
The same as in Fig. 84 (1962). 
0ー :leaf blade. ームー:leaf sheath. 一口一 :root. 

















30' 25' 20' 15' N.T 
The 5th leaf sta~e 
30 25 培o 15 N.T 
The 10{h I田.fstð~e 
Fig.86. 
The same as in Fig. 84 (1962). 
-0-: leaf blade. ームー:leaf sheath. 一口一 :1'∞t.
N. T. : natural temperature. 
75 
75 







































る.すなわち 19:~4年に WEwr142) がオーキ シンは恨の形成に対し促進的効束-をもつこと念
発表してから，さし木にこれを利用しようとする研究が多数行なわれた.






近年はオーキシンに選択的殺草効巣のあることが TEMPLMAN& SEXTONI49) らにより
報告されて以来，この)j而についても多くの研究が行なわれるようになり，水聞の除草剤
としてはむとより畑の除草剤としてもその利用i細川は拡張されつつある.


























間エー テノレは 2回交換し総量を 180mlとした.エーテル抽出液は 500C以下の湯煎土で約
1/3に濃縮しこれに 2%重曹溶液 30ml を3固に分けて加え振とう，酸性物質を抽出し
た.重曹溶液層を15%酒石酸で PH3.0とした後 105mlのエーテルで3固に分けて抽出
し，それを50・C以下の湯煎上で濃縮してクロマトグラフイーの試料とした.ペーパークロ
マトグラフイーは東洋液紙 No.50 2X40cmを用い上昇法で 25cm展開した.展開は暗室
内，室温下で行なった.展開溶媒としてはイソプロヒ勺レアルコール:28%アンモニア:水，















中で RfOA~0.5のものは同時に展開した合成 IAA の Rf 値0.5 よりやや低い値を示してい
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E ト1. L. E. 1'1. l. E. 1'1，. L. E. 門
~1 ay J une J:.dy Au~ust 
Fig. H7. 
Air lemperaturc uuring expcrimcnt. 
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"'' I l-'A Mι ドベ
•• 「-，.一一一一←「一一
---一一~ 一 」工J
.j .~・3 ・. .s・6・7・8 .? /.0匂 o ・r・.t .3 .'1-・~干才すヌ丙~ぇ .3 .~ .$ .6・q・2・?/.O'f 
Fig. 8. 
Effects of temperatures of underground. parts on. growth regulating substances in r∞t. 
The length of Avena coleoptile which was a任ectedby elution from paper-chromatogram into 
2 10 sucrose solution. 
Left: 30・Cplot. Middle : 15・Cplot. (1t was raised up to 20・Cafter grand periocl of til巴ring.)
Right: 30'・15'C.(1t was raised up to 20・Cfrom 15'C after grancl period of tilering.) 
Meclian line inclicates the growth of coleoptile byとonttolplant. 
Values of 1AA corresponcls to Rf of synthetic 1AA of'which concentration is 2r. 
Y.S. : young stage of seeclling. 
A.S. : aclult stage of seeclling. 
E.T. : early stage of tillering. 
G.T. : grancl stage of tillering. 
S.D. : stage of clifferentiaion of young panicle pr目imodia.
S.R. : stage of recluctive division. 
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o 0.3 ;'5 3.0 〆.!:O 30.0 " . 
Concentration 
Fig. Rり
Rclation between IAA concentratioll and rooling. 
0: rωt length. /¥: number of r∞ts. 
Solid line : :~O・C (1lot. Dotted line : J:i・Cplot. 
Ratc of rooting : index exprcsscd as 100 for length and numhcl' of rool行 inJf>・C(1101. 
1・'ig. ~)O. 
Effecls of I1¥A cOllcentration Ol rooting・
Lefth川ldsix : I!J・CIcmperature plol. Righthand six : :10・Ctempernture (110t. 










o 0， I /0.0 !P.' 
Goncentration 
Fig. 91. 
Relation between IAA concentration oxygen exhaustion. 
























































?? ? ? ?
?」?
Fig. 92. 
Effecls ()f temperatllrcs of undcrgrollnd parts on growth rcgulating suhstances in top. 
From ldt to right， :lO'C， 25'C， 20・C，15・Cplot. Median line inoicatcs the growth of 
coleoptile hy control plant. Values of which IA八 correぉpondsto R f ofぉynthcticIAA 
of which conじentration ぉ 2r・
(i L.S. : the (j th leaf stage. 
7 L.S.・thc7 th leaf stage. 
H L.S. : thc 8 th leaf stage. 
10 L.S. : the 10 th leaf stagc. 
1 L.S. : the 11 th leaf stage. 









































一-0 ・I .Z .3 俗 s' • ~ .7 .ft.?〆o"rυ./ .， .3 ヂ S'.1 .7 .8・7 /.d RF Fig. 93. 
E任'ectsof tempera制民 ofunderground parts on growth substances in top. 
Left : 30・Cplot. Right: 20・Cplot. 
S.R. .;. stage of .reductive division. 
S.D. stage ofdifferentiation of young panicle prIInodia. 
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呼吸の低下をもたらし，その結果として m巴taboli c ac tivi tyが減少するわけであるから，
|呼殴毒による養分吸収阻害と温度低下による養分吸収阻害とにある程度の平行関係がある
のは当然と考えられる.




'IUUtllJiのfiof'1火山{じに!日lすゐJよ悦1'1')例Jt -1'1 X:; 日7











































事実，また供試農林41号の 6葉期苗を 5月下旬に移様した場合，その出穂期は 5，6およ
び7月の平均気温のいずれとも相関が高いが，それらの中でいくらか 6月の平均気温との












































抑制剤 OED，分散tbiその他の )jì訟により ~J~力泊度の. 卜J舛・をはかる こともきわめて兎裂なこ









いては農林4Hj-ではがji!Ëした如く 5 月下旬 l乙移摘した場ー合，その出棺期は 7~8 業期の水
温との相関がi自jv、ことから，その1寺期の7I<tlnl.上昇をはかることによりある程度の調節は可
能であるように均えられる.
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Sun、mary
Ricc plant cultivatio11 in Tohoku clistrict of .!apan has b巴cn日trictlyじりnclitiOlCcl hy 
its geographical ancl climatic cnvironments. Growth ancl yiclcls o( riじ巴 plants arc largcly 
clependent 01 both of atmospheric tenperaturc cluring plant growth ancl t巴mperatur巳 o(
irrigation water which is supplied mainly by snow melting water. Thercfor巴 growth
and yields arc strongly affcctcd by tcmpcraturc condilions a日 comparedwith ricc plant 
growlOg III warmcr reglOns. 
ln ord巴rto make stabl巴 andpromot巴 thecultivation， itis necessary to invei;tigal巴
in detai!s physiological and ecoloεical responses of rice plants to tcmpcraturc conditions. 
Fu山lrばは川:t刈け出hcωrmor陀cit mus討tb】巴 expectcd tωo ma叫討ke匂 rice p凶la仙ntg♂4I 
t山heωser 巴邸s叫ultsobtained by scientific r 巴searches. 
From the viewpoints aoove mentioned， this study dealt mainly with physiological 
responses of ricc plants to temperature conditions， especial!y with changes of 11utritiv巴
aaorption and those of contents of carbohydrates and auxin which ar巴 conccrn巴dwith 
drop of melabolic activitiむ dneto lower temperature conditions. That is 10 say， th巴
physiological mechanism of thc retardation of plant growth causcd hy lowcr tcmpcraturc 
will be clasificd hy this study. 
AI1 exp巴rimentswere conducted in four ~oil thcrmo~tats of largcr sizc， whiじhw巴l・巳
kept :~O" 250， 200 and 150C constantly. 
A ricc variety called Norin No. H was l1~cd in the wholc cour~c of cxperim巴1tS.
Exp巴rim巴ntalresult邑 ar巴 summarizedas fol!ows. 
1) Whcn plants were grown l1nder varioussoil temp巳raturcωnditions， which wcrc 
given shortly dl1ring different growth stages， thcir effects upon plant height， number of 
ti1ler昔日ndof leavcs in main culm wcre very distinguishablc just aI!cr t.・巴almenlswcrc 
stoppcd. sut those effects wcre gradual!y diminished amollg plols as time wcnt 01. 
In contrast to this， tr巴atmenlsof long duration只iven at differ巴ntgrowth stages 
madc strong )'巴tardationof plant growlh， whcn tcmpcratl1l'cs werc lowcrcd. lt was 1108t 
striking in 150C plot. 
2) When only growing point of a plant was eXI脳 edto differcnt tempcraturcs， 
other parls of a plant hcing l1nder thc same lemperatur巴 じondition，thcir cffccts 01 
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apical meristem wcre so rcmarkable lhat plant height and Ilumber of til巴rsdecrcased. 
1、h巴S巴 effeclswerc also morc strikin区astreatments were ear1i巴r，in thc growth stages. 
3) Tempcrature of undcrground parts of plants indusive of thcirεrowing points 
affcct巴dheading vcry昌trongly.That is， high tempcralurc promoted and low lemperaturc 
retarded. Tcmpcraturc around区rowingpoint was thus doscly related with promotion ()】
relardation of heading. 
In the rangc of lcmpcraturcs up 10 300C， heading was 50 accerelated as temperatuJ'c 
bccamc high巴r.
，1) Days reqllircd f01" hcading wcrc reglllatcd hy thc follwing lwo faじlor5，onc of 
which was qlali lativc phasic changes and another was tjU日ntilati vc promotion of lca[ 
cmergcnce due 10 high-temperaturc. 
5) Undcrground part inclusive of growing poinls of s巴cdlingswith six lcaves in 
main culm were first Ircated hy 300， 250 and 200C for 10 days rcspcclivcly. Thesc plants 
madc their hcading and hlooming， whcn Ihcy wcre placed again in soil ther1110stat kcpt 
at 150C， sut plants continuously kept at 150C did not head. 
G) From thc 3 rd 10 J 2 lh lcaf stage of thc growth， planl5 w巳rctr巴at巴dby diffcrent 
soil temperalure5， including that of ] 50C which was expos巴dto growing poinl. 
H巴adingdid not occur in thos巴plantswhich had 3 rd 10 '1 th Icaf. H巴adingoccured 
only in plants with H lh lcaf and 110r巴. So far as it conc巴rncd，plants uscd must havc 
thcir phasic changes in th巴 Slh leaf slag巴.
7) In plants of which roots werc k巳ptat 150C and basal parls wcre placed under 
atmo且pherictemperature influcnces， showing 17"C in averagc， normal hcadings wcre 
obscrved except thosc kcpt at 1 ;)oC continuously. In plants of th巴:1rd to 6 th leaf stagc 
which were treatcd at 150C， plants did nol. head. But amorpholls flow巴rswer巴 foUl刈 1
plant.<; of 8 th and 12 th leaf stages which wcre similarly trealcd. 
8) Water absorption and transpiralion of plants wcre s巴verelyaffccted by underground 
leml】巴rature，which also influenccd growin日points.ln any stages trcated， low temperaturc 
rctarded both of functions， cspecially minimum valu巴swere found in the cas巴 of15"C. 
Thc rctardation was rccognized in both tr巴atmentsat lhc 6 th and 12 th Icaf邑tagcs，.but 
at thc 8 th and 13 th I巴afstages the circumstance became entirely rcv巴1・se.
9) Amounts ()f nitrog巴nabsorbcd wer巴increaseclin generall as plant g 
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In thc rclatively carly stag白 suchas t¥ th and G th leaf stagcs， comparativ巳lysmall 
differences of thc uptakc were 01お巴rvedamong al plots and their absolute amounts 
were also small. BlIt in th巴 latcrstagcs the ahsorptioJl becamc largcr cxc巴pt15"C plot. 
Diffcr巴llCCSamong al plots tested wcre al己oneglcgiblc. 
11) Absorptioll of potassium was strongly affected by tempcraturc. Tl】clower the 
temperatllrc was， th巴 mOfcth巴 absorptionwas rccluccd. Particularly in thc t¥ th and G th 
leaf stagcs， 15C" plot not only r巴duc巴dit striki.取ly，but also 巴xcretcdthc elcment 
Olt of roots. 
12) Ratio of absorplion of the elcmcnt to that of water meam; thc relation between 
lIptakcs of both elem巴nt and wa tcr. 
In thc ratio bccomes largcr， the mctabolic ahsorptiol】ofelemcnls may bc grcatcr. 
Ralio of ni trog巴nuptakc to that of water was the greatcst in 250C plot ancl that of 
phosphorus ah宮orption10 that of watcr did not show any striking differences except 150C 
plot at th巴 12th and l:~ th leaf stages. Ralio of potassium ab.'lorption to that of water 
lowerd when temperatllrc was reduced. 
The minimum value was recognized in 150C plot. 
13) Amounts of nitroger】 ab.'lorl】巴dwas SlIp巴riorin varying tcmperature plots to 
thosc of constant temperature. Morcover the valuc became largcr when diurnal temp巴ra-
ture was higher than nocturnal onc. 13l1t in cases of varying tcmperature with not so 
higher dillrnal onc. sllch as 25"・15"Cand 200・150C，it was reverscly circllmstanced as 
in rctarded absorptiol!. Ahsorption of phosphorus was in区enerallsuperior in varying 
tempcratllre plots to constant onc. Rut it was always r巴duccdwhen combincd with 
nocturnal l;，oC. Ahsorption of potussium show伐1almost similar teml巴ncyin contrast to 
that of phosphorus. ln thc case of comhination with nocturnal 15"C retardation was 
more remarkable than that of phosphorus. 
1'[) Absorption o[ th巴 thre巴 nutritiv巴 clcments，such a:; nitrogen， phosphorus and 
potas.'lium， werc not so widcly deviatcd betwccn thosc in day and night. I-Iowever in 
the cas巴 ofwaler absorptioll， itshowcd striking diffcrcnces. 
15) 1ミatioof absorption of cach巴lcmcntto that of watcr was n巴arly巳qualin diurnal 
time among al plots exc巴pt15"C plot， Rut th巴 ratioin noctumal timc becamc larger as 
temperature low巴rcd.Exceptions w巴I巴 onlyfoul1l1 in 1!ioC plot and in potassium 
absorption 
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tively large in the early stages of th巴 growthof low-temperature p10ts. But in the 
midd1巴 andJatestages， a maximum va1ue was found in 200C p10t exc巴ptthat in roots. 
It was a1so similarly circumstanced in starch contents. Its content wassuperior in 10w-
temperatur巴 p10ts(200 and 150C) to that of high temperatur巴 p10ts.Particu1arly it was 
observed in 1eaf sheath. 
20) 1n regard to changes of auxin contents in p1ant加dy，high contents of 1ndole 
acetic acidand other growth promoting substances wer巴 recognizedin both of shoot and 
roots in the case of high temperature treatments. 
This fact may cause th巴promotionof p1ant growth under high temperature conditions. 
21) From those J:esults hitherto mentioned it was suggested that critica1 point of 
10w. soil temperature might be pr巴sentnear 150C for pJant growth. In addition， one of 
causes of 10w t巴mperatureinjuries might. bethat growing point of p1ants wer巴 p1aced
under be10w 150C conditionfor a 10ng time. 
22) With respect to physiologica1 m巴chanismof the 10w temperature injuries， reduction 
of uptakes of nitrogen， phosphorus and potassium，巴sp巴ciallyof th巴 1attert~o e1ements， 
was considered. So far as it concerned， absorption of these e1ements must be promoted 
by other procedures than e1evation of soil t巴mperature.
Leaf spraying of such e1ements is ought .to be taken as an effective method. 
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